ABSTRACT By organizing a dynamic transmission point group, user-centric networks (UCNs) are considered as a feasible solution to mine the potentials of dense networks where the densification gain is blocked by strong interference and frequent handovers. However, the state-of-art studies mostly focus on improving throughput performance. In this paper, user-centric multi-connectivity architecture is proposed, where multiple small cells serve the user as a user-specific active set to reduce the number of radio link failures (RLFs) and to increase the throughput gain, especially for cell-edge users. Especially, master eNodeB (MeNB) is chosen in the active set as a mobility anchor to control its neighboring small cells that are termed as slave eNodeBs (SeNBs), which reduces signaling overheads during handovers. To provide user-centric service, the active set follows the user's trajectory by adding new SeNB that provides strong signal strength and releasing serving SeNB that is far away from the user. Moreover, the design of key mobility management procedures for active set forming/reforming is taken into consideration. The results show that compared with single connectivity, the RLF in the proposed architecture shows a decrease of more than 50% when user speed is 3 km/h, and the average user throughput achieves an increase of around 74% gains when TP density is 2000 TPs/km 2 .
I. INTRODUCTION
The dramatic growth in the amount of wireless data traffic demands pushes the investigation of ultra-dense networks (UDNs) for the fifth generation (5G) and beyond [1] , which increases network spectrum efficiency by shrinking average link length [2] . Nevertheless, the densification gain comes at the expense of strong inter-cell interference [3] , limited backhaul [4] and frequent handovers [5] .
Hence, the concept of user-centric network (UCN) is proposed to mine the potentials of UDN by breaking through the traditional cell-centric network architecture [6] . UCN will organize a dynamic transmission point group to serve each user seamlessly without the user's involvement [7] . Therefore, users will experience uniform services due to the eliminated cell edge. Considerable efforts have been devoted to investigating the design and performance of UCN, which
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At the same time, mobility performance becomes vital for dense networks since mobile users that suffer from strong interference during the handover process take high risks of service interruption caused by handover failure (HOF) [10] . In the current LTE-A system, the quality of the link, usually modeled in terms of signal-to-interference-plus-noiseratio (SINR), is tracked by the user equipment (UE), which is a technique termed radio link monitoring [11] . When the SINR is below a certain threshold, the radio link failure (RLF) event is triggered. In the dense network scenario, cell-edge users are more likely to suffer from RLF for lower SINR value [10] , [12] . Based on the 3GPP specification [13] , the handover process in the LTE system and HOF model in state 2 are showed in Fig. 1 . It can be seen that: FIGURE 1. Modeling of the HOF based on 3GPP mobility management studies [13] . (a) Timer T310 has been triggered or is running when the handover command is received by the UE. (b) RLF is declared in the state 2.
• The longer the time before the handover completes, the higher the risk of HOF. Hence, to enhance the link quality, 3GPP has started the standardization in respect of mobility enhancement technologies [13] and small cell enhancement schemes [14] . Especially, coordinated multi-point (CoMP) and dual-connectivity (DC) have been defined [15] , which aim at increasing the cell edge user's throughput by improving the utilization of radio resources across multiple cells [16] . However, the handover procedure for multiple association in UCN requires more considerations to realize seamless services.
A. RELATED WORKS
CoMP is usually based on geographical criteria and is targeted only for data transmission, which will not improve the control channels robustness [17] . However, multiconnectivity, as an extended DC approach, can provide user-centric services to adapt to the change of wireless channels. In [11] , handover for multi-connectivity is decided according to the reference signal received powers (RSRPs) from the surrounding cells. However, the assumption in [11] that all small cells have their own control-plane may bring heavy signaling overheads. In light of this, a DC-based prevenient HO scheme is proposed in [18] where macro and small cells are responsible for control-plane (C-plane) and user-plane (U-plane), respectively. However, this paper is different from the existing works in the following aspects:
• In the existing literature including [18] , the clusters for DC are designed from the cells' point of view, and therefore are cell-centric. Compared to cell-centric networks where the quality of service depends on users' locations, UCN provides a uniform service experience for users anywhere by eliminating the cell edge. In this paper, an anchor-based active set is formed to provide continuous services, even when handover occurs.
• A centralized management method is applied in [11] , where C-plane is handled by all the coordinated cells that are connected via fiber to a central unit. However, the reliability of the centralized cluster entirely depends on the central unit, while a distributed cluster will bring in management complexity. Thus, considering a more common scenario, the C-plane is handled by dynamic anchor cell selected from the active set in this paper and can be transferred smoothly through signaling interaction between anchor cells.
• In [18] , the handover procedures between macro and micro eNBs are presented with dual connectivity. However, the design of handover procedures for the user-centric multi-connectivity has not been instigated yet. The mobility management for the proposed architecture is handled by the anchor TP, involving the interaction between anchor TPs and slave TPs, which will be presented in this paper.
B. CONTRIBUTIONS
Different from the aforementioned literature, the proposed user-centric multi-connectivity architecture aims at mining the potential of dense networks by introducing the philosophy of UCN. In order to reduce the service interruptions and to improve the network throughput, multi-connectivity is applied to maintain multiple connections for mobile UEs. In this paper, an anchor-based active set for user-centric multi-connectivity is proposed in UCN.
The main contributions of this paper are summarized as follows:
• A user-centric multi-connectivity architecture is proposed for providing senseless movement. In contrast with DC which is applied between macro cell and small cell, in this work, multiple small cells serve a UE simultaneously as an active set, where the TP with strong capability is selected as a handover anchor, termed as master eNB (MeNB), and its neighboring TPs are slave eNB (SeNB).
• Mobility management procedures are carefully designed for user-centric multi-connectivity. Different from handover procedure in the current LTE system, there are four kinds of mobility management of the anchor-based active set, including SeNB addition, SeNB release, SeNB modification and MeNB handover.
• The detailed mobility procedure is improved where the mobility decision is made by the UE instead of eNB. Since UE is better aware of its surrounding wireless communication environment, this UE-controlled mobility management reduces frequent measurement reports. The rest of this paper is structured as follows. Section II describes the network architecture and mobility model. Section III illustrates the formulations of four mobility management events, as well as the SINR model and RLF model. Detailed procedures of the four mobility management events are presented in section IV. While numerical results are shown in Section V. Finally, Section VI conclusions the paper.
II. NETWORK ARCHITECTURE FOR MULTI-CONNECTIVITY MOBILITY ENHANCEMENT
UCN breaks through the traditional cellular architecture of the network controlling user [6] . Inspired by this, a usercentric multi-connectivity architecture is presented in this section to provide senseless movement.
A. LOCAL ANCHOR-BASED ARCHITECTURE
In this section, the local anchor-based architecture is proposed for multi-connectivity in UCN, where TPs around the UE form a cluster, termed as active set, with an anchor TP acting as MeNB. The MeNBs take charge of both the C-plane and U-plane, which implies that they act as mobility anchors for handovers within the active set. On the other hand, the other TPs in the active set acting as SeNB are responsible for data transmissions, implementing the U-plane and achieving less control overhead as well as lower handover delay. Since the demand of capacity is higher for the MeNB, it is assumed that the best TPs among the clusters are chosen as the MeNB, for example, the TP with the largest load capacity, the largest backhaul capacity, the maximum available bandwidth, or the maximum transmission power, etc.
The cluster of TPs surrounding them and the registration of state information of the TPs are organized by the MeNBs. The UE measures the RSRP periodically. There is a table of active sets of the UEs managed by MeNB, including the information of TPs and UEs such as the physical cell ID (PCI) of surrounding TPs and the RSRP of the UEs listed in a decreasing order, seen Fig. 2(b) . Therefore, the MeNBs can control the active set with the information table to provide a user-centric service. Meanwhile, the MeNBs are responsible for managing the radio resource control (RRC) procedures between the UEs and the SeNBs, such as SeNB release and addition procedures. Consequently, the SeNB becomes transparent to the UEs since the cell-specific signals/channels of SeNB are not broadcast.
There are two types of coverage for the MeNBs, which are the physical coverage and the logical coverage defined by the RSRP, as shown in Fig. 2(a) . If the UE locates in the physical coverage region, it would be served only by the MeNB and receives both control and data packet from the MeNB. As the UE moves into the logical coverage region, it can remain the connection with the MeNB and establish new connection(s) with SeNB(s) provided high RSRP for multi-connectivity, since the signals from the MeNB become weak due to the further UE-to-MeNB distance. Besides, only physical coverage of the SeNB is considered, since C-plane is not provided. Therefore, the mobility robustness can be enhanced by using the proposed architecture.
B. MOBILITY MANAGEMENT FOR MULTI-CONNECTIVITY
Under the proposed architecture, mobility management events such as handover should be reconsidered for multiconnectivity. Fig. 2(a) shows an example of the user moving trajectory, where the UE moves from point A connected with TP 1 to point E connected with TP 4, 5 and 6 simultaneously. Four types of mobility management events are involved with the user trajectory, as shown in Fig. 2 
(c).
• Initialization: The UE located at point A in the physical coverage of TP 1 at the beginning is served by anchor TP 1.
• SeNB addition: When it moves to point B at t 2 , SeNB addition event is triggered, and both TP 2 and 3 serve the UE along with TP 1 as MeNB.
• SeNB modification: At t 3 , TP 2 is replaced by TP 4 managed by the MeNB TP 1 triggering the SeNB modification event.
• SeNB release: SeNB release event is triggered at t 4 , where TP 3 is released and the UE is served by TP 1 and 4.
• MeNB handover: When the UE moves to point E, the RSRP from MeNB TP 5 becomes stronger than that from MeNB TP 1, thus MeNB handover is needed. Detailed descriptions of the multi-connectivity configurations and the proposed mobility management procedures are given in Section III and IV, respectively.
III. FORMULATION MODELS
Under the proposed multi-connectivity architecture, this section presents formulaic models for multi-connectivity configuration, RLF and SINR.
A. MODEL FOR MULTI-CONNECTIVITY CONFIGURATION
As motioned above, the neighboring TPs in the UE's vicinity form an active set to serve the UE simultaneously. Therefore, the multi-connectivity scheme would be different from the VOLUME 7, 2019 traditional scheme in the current LTE system, since the mobility management involves a set of TPs around UE and thus it is more complicated compared to that for single connectivity. This subsection presents a novel scheme for the proposed user-centric multi-connectivity architecture, and the detailed multi-connectivity configurations are presented in the following subsection.
1) SeNB ADDITION
The SeNB addition event is defined as a neighboring TP x outside the active set is assumed to be added into the active set when its measuring RSRP satisfy a certain condition. It is assumed that the SeNB addition event is triggered at time t add if the RSRP from the neighboring SeNB TP x is higher than the highest RSRP in the active set by an offset during the TTT period, expressed as (1) where RSRP x is the RSRP from a neighboring SeNB TP x, A u is set of TPs in the active set, η add is the addition offset configured by the network, and early addition by using the proper value of η add is the key to improve mobility robustness. Similar to the LTE system, a certain time period TTT which is configured by the network is required to reduce unnecessary handover and ping-pong (PP) effect. However, the TTT should not be configured too long, which would cause RLF during the handover.
The active set size should not be too large to achieve a trade-off between mobility management complexity and system capacity. In fact, the offsets can limit the active set size as an addition window to a certain degree. Besides, a maximum active set size is applied to further limit the size. In this case, the SeNB addition event is triggered only if the current active set size is smaller than the maximum one.
2) SeNB MODIFICATION
In the multi-connectivity, the SeNB modification event is triggered at time t mod if the periodic measurement from the UE showed that the RSRP from the SeNB TP is lower than that from another TP x in the cloud by an offset η mod during the TTT. Based on event A6, the SeNB modification can be expressed as (2) where RSRP x is the RSRP from the neighboring strongest TP x in the cloud and RSRP s is the RSRP from the weakest serving SeNB TP of the active set. Obviously, SeNB modification event is equivalent to simultaneous addition of the strongest target TP from the cloud to the active set and release of the weakest TP in the active set.
3) SeNB RELEASE
When the SeNB release event is triggered, the services of other TPs remained unchanged. The TP y will be released when the RSRP measured by UE u becomes lower and triggers the SeNB release event. The SeNB release event is triggered at time t rel when the RSRP from the serving SeNB TP y becomes lower than the RSRP from the best serving TP in the active set by an offset η rel , expressed as the following condition, and the condition is fulfilled for a certain time TTT, which is given by
where RSRP y is the RSRP from its serving SeNB TP y. The SeNB would be removed from the active set when its RSRP falls below the best TP for a certain time. It is significant to note that values of the addition offset η add and the release offset η rel should be different to avoid the PP effect. According to the simulation, the addition offset is appropriately higher than the release offset by around 3 dB.
4) MeNB HANDOVER
When there is a neighboring anchor TP provides higher RSRP than the RSRP from the serving MeNB during the UE's movement, the neighboring anchor TP would provide better service for UE and MeNB handover is required. Based on event A3, the MeNB handover event is triggered at time t HO if the RSRP from a neighboring anchor TP becomes higher than the RSRP from the current anchor TP by an offset η HO and last for a certain time TTT, expressed as the following condition
where RSRP T_anchor and RSRP S_anchor are the RSRPs from the target TP and from its serving anchor TP, respectively.
B. MODEL FOR SINR AND THROUGHPUT
The measures for the RSRP from the neighboring wireless communication channels are assumed to be implemented periodically. A universal path loss-plus-fading model is used to describe the received signal power. Hence, the RSRP received by UE u from TP i at sub-channel n is given by
where d is distance between the UE u and the TP i, p n i denotes the transmit power of TP i at sub-channel n, g i (d) represents the pathloss gain which depends on the distance d only, α i (t) is the multiplicative channel gain at time t modeling the multipath fading effect.
It can be further assumed that the SeNB TPs managed by the same anchor TP are cooperating perfectly. The bandwidth is reused in another active set for different UE to increase the spectrum efficiency. This means that there is no interference among the TPs within the same active set and all the TPs outside the active set could be an interference TP. Therefore, the corresponding SINR of the UE u which connects with TP i at sub-channel n can be calculated as
where P n i,u (d, t) denotes the signals received by the UE u, P n j,u (d, t) represents the interference received by UE u from neighboring TPs, and η is the white noise power.
According to the SINR expressed by the formula (6), the achievable throughput of UE u at sub-channel n can be calculated as
where SINR n i,u is the SINR value of UE u connected with TP i at sub-channel n, and W is the bandwidth of sub-channel n.
C. MODEL FOR RLF
The SINR is used to evaluate the link quality. The RLF occurs at time t 0 if the link quality is below a certain threshold Q out for a certain time interval T RLF , which is expressed as
However, if the SINR becomes higher than a predefined threshold Q in , the UE in RLF will attempt connection re-establishment to one of the strongest TPs in the active set within a certain recovery time T recovery and the T310 timer is stopped. The formulation of the recovery process can be express by
Thus, the role of T310 timer is to prevent frequent RLF declarations due to temporarily impaired signal quality.
IV. MOBILITY MANAGEMENT PROCEDURES FOR MULTI-CONNECTIVITY
Based on our proposed user-centric multi-connectivity architecture, the mobility management would be more complicated than that in the current LTE system. Four types of mobility management are involved, which are SeNB addition event, SeNB modification event, SeNB release event and MeNB handover event. This section gives detailed procedures of the four types of mobility management event, which are described in Figs. 3-6 , respectively.
Note that both at the UE and at the network, the decision can be made to change the serving TPs, which are termed as UE-controlled mobility management and network-controlled UE-assisted mobility management [19] :
• In the case of UE-controlled mobility management, the UE estimates the channel quality from the neighboring TPs, and determines a mobility event based on its measurement.
• In the case of network-controlled UE-assisted mobility management, the UE sends the measurement report to the MeNB periodically. The MeNB decides and initiates the processes based on the measurement feedback information assisted by UE. Since the UE is better aware of its surrounding wireless communication environment, UE-controlled mobility management is applied for increasing scalability in this paper. Besides, UE-controlled mobility management procedure avoids frequent measurement reports. 
A. SeNB ADDITION PROCEDURE
The key procedure of SeNB addition is shown in Fig. 3 . Before the mobility event is triggered, the UE would collect the information of the surrounding SeNBs, including their RSRPs and so on. The UE must have an RRC-connection with an anchor TP acting as MeNB which provides both C-plane and U-plane. The main procedure of SeNB addition is described as follows:
• First, UE measures the RSRP of the neighboring SeNBs periodically. When the SeNB addition event is triggered according to the RSRP received from different SeNBs around the UE shown in (1) and hold for a certain time TTT, SeNB addition decision is made by UE.
• Second, the MeNB sends uplink (UL) grant to UE asking for the measurement report. Then the measurement report is sent to inform the MeNB that SeNB addition event is required.
• After receiving the measurement report sent from UE, the MeNB sends the SeNB addition request to the involved SeNBs. The SeNBs receive the request and prepare for the addition. The SeNB addition request acknowledge message is sent to its MeNB from SeNBs after the respective admission control is carried out.
• Then, the MeNB sends RRC reconfiguration request to the UE. The UE implements the reconfiguration and sends the reconfiguration acknowledgement to the MeNB. Thus, the UE synchronizes with the selected SeNBs.
• Finally, data forwarding and path update procedure are carried out through the MME and service gateway (SGW). The SeNB addition event is complete. In order to improve the system efficiency in terms of successful SeNB addition rate, some configurations that differ from tradition mobility scheme are made. That is the SeNB addition requests sent by the MeNB could be received by serval SeNBs whose RSRPs are higher than the best serving TP in its active set. Therefore, serval SeNBs could be added into the active set simultaneously to reduce the delay. As shown in Fig. 3 , more than one SeNB is involved in the SeNB addition procedure.
B. SeNB MODIFICATION PROCEDURE
The SeNB modification procedure is depicted in Fig. 4 . The radio resource managed by the SeNBs and the RSRPs from the neighboring TPs are time-varying because of the user mobility. When the RSRP from the current SeNB becomes lower and another TP in the cloud is ready to provide data transmission for UE, the SeNB modification procedure is triggered by the corresponding MeNB. Especially, if the current active set size comes up to the maximum size configured by the network and a SeNB can provide better service, the SeNB addition procedure is not able to be triggered, instead, the SeNB modification procedure is executed for better user-centric service. The notation SeNB+ and SeNBin Fig. 4 denote the target SeNB that provides the strongest signal in the cloud and the weakest serving SeNB in the current active set, respectively. The key procedure of SeNB modification procedure is illustrated as follows:
• The UE is responsible for collecting RSRPs and information from the neighboring TPs and trigger the SeNB modification procedure when there is a target SeNB that provides better data service than the serving SeNB. The UE sends the measurement report to the MeNB after receives the UL grant message.
• Next, the MeNB sends the SeNB modification request to the target SeNB in the cloud. The SeNB will send SeNB modification acknowledge message after its admission control procedure.
• After that, the MeNB sends the RRC connection reconfiguration request message to the UE. The UE will send feedback for the acknowledgement after reconfiguration its RRC connection.
• Later, UE sends the SeNB modification confirm to the MeNB and the target SeNB, which implies the SeNB modification procedure is almost over.
• After data forwarding and path updating, the MeNB informs the serving SeNB to release resource associated with the UE context.
C. SeNB RELEASE PROCEDURE
Fig . 5 describes the SeNB release procedure. UE always connects with an anchor TP that maintains both C-plane and U-plane transmission for UE. Before the SeNB release procedure, the SeNB is not able to continue serving UE, for example, the UE-to-TP distance is further due to UE's movement or the configurations of the SeNB change, and thus the UE context at the SeNB should be released which the relevant SeNB cannot reject. The key procedure of SeNB release procedure is illustrated as follows:
• Initially, the SeNB release decision is made by UE after the RSRP from the SeNB measured by UE becomes weaker for a certain time TTT, shown in (3).
• Then, the MeNB asks UE for measurement report by sending UL grant, and UE acknowledges the message by informing the MeNB with the measurement report that SeNB release event is required.
• After that, the MeNB sends the SeNB release request message to the relevant SeNBs and the recipient node of this request cannot reject.
• Then, the RRC connection reconfiguration request message is required to send to UE by the MeNB after the SeNB release request. The UE would release the previous configurations and build new ones.
• The path update procedure is originated at last. The related radio resources which are associated with the UE context would be released by the SeNB. It is significant to notice that the signaling towards the UE is not essential during the RRC connection reconfiguration request. For example, the signaling for RRC connection re-establishment may not be sent if the RLF occurred in MeNB. Also, serval SeNBs from which the RSRP values fulfill the condition in (3) would receive the SeNB release request from the MeNB to gain better system efficiency. Fig. 6 illustrates the MeNB handover procedure. When the UE moves to the edge of the logical coverage region of the current MeNB, both the C-plane and the U-plane transmissions are not able to be maintained and a MeNB handover is required. If the RSRP from a neighboring anchor TP is higher than that from the current MeNB, the MeNB handover would be triggered. The main procedure of the MeNB handover is shown as follows:
D. MeNB HANDOVER PROCEDURE
• Initially, the UE makes the MeNB handover decision by comparing the RSRP from the neighboring anchor TP with that from the serving MeNB for a certain time.
After receiving the UL grant message, it sends the measurement report to the serving MeNB to inform it for preparing the MeNB handover.
• Next, the serving MeNB sends the handover request to the target MeNB, thus the target MeNB together with the UE would prepare for MeNB handover. The target MeNB sends acknowledge message to the serving MeNB after admission control procedure.
• After completing the RRC connection reconfiguration process, the UE is synchronized with the target MeNB and the SeNB.
• After implementing the handover execution and path switching, the target MeNB will inform the serving MeNB to release resource. It is important to note that the UE receives user service from SeNB without interruptions during the MeNB handover process. Therefore, the proposed MeNB handover procedure guarantees the continuity of user services.
V. PERFORMANCE EVALUATION
In this section, the system performance achieved by our proposed scheme is simulated for investigating the mobility management improvement and throughput gain based on System Level Vienna LTE Simulators using Matlab. The simulation parameters are configured based on the 3GPP specifications, which is shown in Table 1 . The locations of TPs and UEs follow two independent Poisson point processes respectively [20] , and UEs then walking straightly with a certain speed in a random direction independently. We simulate the performance of our proposed scheme in terms of RLF, which is normalized with respect to the simulation time expressed in minute and the total number of users in the simulation area. The normalized RLF counts are evaluated as a function of the maximum size of active set under different settings of SeNB addition/release offset, shown in Figs. 7 and 8. The three settings for SeNB addition/release offset indicate the size of physical and logical coverage region of the MeNB and limit the active set size along with the maximum size configured by the network.
In Figs. 7 and 8 , with the increase of active set size, the normalized RLF is reduced at first. This can be explained by the fact that the dual connectivity or multi-connectivity mode results in less interference during the handover process, which improves the mobility robustness. When the active set size changes from 1 to 2, which means that single connectivity mode changes to dual-connectivity mode, the normalized RLF drops around 55% with respect to Setting 1 when UE speed is 3 km/h and 30% when UE speed is 15 km/h. However, add the 4th or 5th SeNB into the active set would increase the signaling overhead without too much benefit in terms of mobility enhancement. That is the reason that when the active size is larger than 4, the normalized RLF count will not continue to drop in Setting 2 and Setting 3. On the contrary, it will increase gradually with the active set size becoming larger. Moreover, by the comparison between Figs. 7 and 8, the multi-connectivity obtains more gains when UE speed = 3 km/h. Meanwhile, setting the maximum size to 4 may be the optimal configuration for our scheme through the simulation.
B. RELATION BETWEEN NORMALIZED RLF COUNT AND AVERAGE USER THROUGHPUT
The normalized RLF count and average user throughput versus the size of active set for Setting 2 with different user speed and TP density are illustrated in Figs. 9-11 . The left vertical axis depicts the normalized RLF in comparison to the right vertical axis which shows the average user throughput. It can be concluded that generally, the average user throughput increases with active set size, since more SeNBs is available to transmit data packets for UE which obviously improves the robustness and the capacity. The normalized RLF counts are reduced with lager active set size at first. However, the gains decreases and the RLF counts increase gradually with the active set size becoming too large, which is mentioned above. The effect of user speed on normalized RLF count and user throughput can be seen from the comparison between Fig. 9 (where UE speed = 3 km/h) and Fig. 10 (where UE speed = 15 km/h). With the increase of active set size, the average user throughput improves by around 30% when UE speed is 3 km/h and 75% when UE speed is 15 km/h. However, the average throughput will obtain very slight gain when the active set size is larger than 3 at 3 km/h UE speed and larger than 4 at 15 km/h UE speed. From the comparison, it is also can be seen that user speed has a great influence on the normalized RLF count. The normalized RLF count when user speed is 15 km/h in Fig. 10 is about seven times higher than that with user speed of 3 km/h in Fig. 9 .
Comparing the dense deployment (e.g. TP density = 2000 TPs/km 2 ) in Fig. 9 and sparse deployment (e.g. TP density = 100 TPs/km 2 ) in Fig. 11 , the impact of TP density on FIGURE 12. Normalized RLF count and average user throughput for TDM-based multi-connectivity with different active set size (UE speed = 3 km/h, TP density = 100 TPs/km 2 ).
the multi-connectivity performances can be seen. The normalized RLF count is reduced slightly for dense deployment while it reduced obviously for sparse deployment. For example, when active set size is small, the normalized RLF count reduces by around 30% when TP density is 2000 TPs/km 2 and 10% only when TP density is 100 TPs/km 2 . Meanwhile, the TP density has a large effect on the average user throughput. As shown in Fig. 11 , the average user throughput goes up gradually with the increase of active set size. However, the throughput when TP density is 2000 TPs/km 2 is at least ten times higher than that when TP density is 100 TPs/km 2 .
C. RELATION BETWEEN NORMALIZED RLF COUNT AND AVERAGE USER THROUGHPUT USING TDM
In this subsection, the performance of proposed multiconnectivity scheme is simulated using time-division multiplexing (TDM) for Setting 2. In TDM mode, only one TP in the active set provides service for UE at arbitrary time instant t. As shown in Fig. 12 , the average user throughput obtains little gain with the increase of the active set size. For further optimization, it is assumed that in every time slot, the UE is served by a best serving TP selected by anchor TP from the active set. Thus, the RLF can be reduced by about 90% using TDM.
VI. CONCLUSION
An anchor-based active set is formed for the user-centric multi-connectivity architecture in this paper to enhance mobility performance in UCN. Under the proposed architecture, the anchor TP is selected from the active set, acting as the MeNBs, while the other TPs in active set act as the SeNBs which only provide user service in the coverage of active sets. Key mobility management procedures including SeNB addition, SeNB modification, SeNB release and MeNB handover are given for providing the user with satisfactory service following its movement and improving mobility robustness. For performance evaluation, the impact of the active set size on handover performance under different parameter settings in our scheme is first analyzed. And comparisons in terms of RLF and average user throughput of the proposed multi-connectivity with respect to the active set size are illustrated to show the gain. Results show that a decrease of more than 50% can be obtained for RLF and an increase of around 75% average user throughput compared with single connectivity. Further, the multi-connectivity using TDM can obtain over 90% RLF reduction while it has no gains in average user throughput. 
